This study was undertaken to observe the experimental pathogenesis of locally isolated Salmonella enterica subspecies enterica serovar Pullorum in chicks. Fifty chicks were experimentally infected by the oral route with 2 x 10 7 (CFU) units of Salmonella Pullorum organisms reconstituted in 0.5 ml of sterile phosphate buffer saline (PBS), PH 7.2 and 50 chicks were given only 0.5 ml of sterile PBS as control. Observations were made on clinical signs, gross pathology, and reisolation of S. Pullorum from different organs and blood, histopathological lesions, detection of antibody levels and detection of S. Pullorum by PCR at different time intervals of experimental period. Five birds were randomly selected and sacrificed on 6 hrs before inoculation and 6 hrs, 12 hrs, 24 hrs, 2 days, 3 days, 1 st week, 2 nd , 3 rd and 4 th weeks of post infection (PI). The clinical signs of infected chicks were depression, loss of appetite, huddled together, loss of feed and water intake, reduced mean body weights, ruffled feathers, diarrhoea, laboured breathing and pasty vent. The highest gross lesion was (84%) unabsorbed and coagulated yolk and the lowest lesion was (32%) pericarditis and necrotic foci/ nodules in heart. Microscopically, the liver showed congestion, focal necrosis with multifocal infiltration of histiocytes in liver parenchyma. Salmonella organisms were reisolated from different organs and blood at 12 hrs PI. The antibody titre increased gradually and the highest titer was 7275.717 ± 5087.24 at 4 wks PI. In rapid plate agglutination test, the positive result was found from one wk of PI with the sera of infected birds. At 12hrs PI Salmonella was detected by PCR from 20% liver and 20% lung samples of infected birds and no Salmonella was isolated from control group. The orally inoculated Salmonella Pullorum organisms produced lesions in digestive tract, invaded digestive tracts and entered to blood and seeded to different organs in different time intervals and ultimately produced clinical signs, gross and microscopic tissue lesions with immunological response.
Introduction
Salmonellosis in poultry cause heavy economic loss through mortality and reduced production (Khan et al., 1998) . With great expansion of the poultry rearing and farming, PD has become wide spread problem in Bangladesh (Das et al., 2005; Rahman, 2007) . For the treatment, prevention and control of a particular disease, the pathogenesis must be known clearly. Some investigations on pullorum disease have been performed on the natural cases, but a very few work on experimental pathogenesis and pathology of pullorum disease has been reported in pullet (semi-mature birds) in Bangladesh by locally isolated Salmonella Pullorum (Haider et al., 2008) . Pathogenesis of a disease also varies with the age of the host. Therefore, the present study was undertaken to study the experimental pathogenesis and pathology in chicks (immature birds) with locally isolated Salmonella Pullorum.
Materials and Methods
Chicks: 100 day-old (Salmonella Pullorum seronegative) chicks of Isa Brown breed were purchased from Nourish Hatchery Ltd. for this experimental inoculation. The birds were divided into 2 groups. One group was used as experimental infection and other was kept as control.
Experimental infection: Chicks were reared in experimental shed with optimum brooding temperature and they were given commercial feed and water ad libitum throughout the study period. Fifty chicks were experimentally infected by the oral route with 2 x 10 7 (CFU) unit of Salmonella enterica sub. enterica serovar Pullorum organisms in 0.5 ml of sterile phosphate buffer saline (PBS), pH 7.2 (Roy et al., 2001) . The control birds received only 0.5 ml PBS without bacteria.
PCR sample:
Liver and lungs were collected in 50% buffered-glycerol in sterile poly bags at different time interval described in the experimental design and preserved in -80 0 C for PCR (Haider et al., 2007b) .
Gross pathology:
The postmortem examination of all the birds performed as per schedule. At necropsy, gross tissue changes were observed and recorded carefully following method described by Wray and Davis, 2001 .
Reisolation of S.
Pullorum from different organs and blood: S. Pullorum was reisolated from different organs (one gm) and blood (one ml) samples by standard methods (Cheesbrough, 2000) .
Detection of antibody levels by ELISA:
An enzyme-linked immunosorbent assay (ELISA) with antigen coated ELISA kits (FLOCKSCREEN TM Guild Hay Ltd. UK) was used (Solano et al., 2000) . The obtained optical density (OD) with sera was measured at 550 nm with an ELISA reader (Toso Ltd. MRP-A4i, Tokyo, Japan).
Detection of antibody by rapid plate agglutination (RPA): Rapid plate agglutination (RPA) test was done with Salmonella Pullorum antigen (Yamane et al., 2000) . Two drop sera samples of different time interval were mixed with an equal volume of antigen on a plate, and typical agglutination occurred within 2 min. was taken as a positive result.
Histopathological study: The representative formalin-fixed tissue samples were trimmed, processed, sectioned and stained performed by standard procedure (Luna, 1968) .
Detection of S. Pullorum by PCR:
The preserved liver and lung tissue samples were used for the detection of S. Pullorum by PCR according to standard procedure (Haider et. al., 2007b) .
Statistical analysis:
Significance of different groups was determined by using MSTAT computer software program. The differences in the increase or decrease of the ELISA antibody titre of chicks of different groups at different week were analyzed by analysis of variance in a Completely Randomized Design (CRD) using an MState computer package program. Significant differences between means were identified by Least Significant Differences (LSD).
Results and Discussion
Clinical signs: The chicks infected with S. Pullorum showed depression and loss of appetite after 12 hrs of PI. They were huddled together after 24 hours of PI. Feed and water intake dramatically reduced in infected group. The mean body weights differed significantly (p<0.01 and p<0.05) between infected and control group. Cumulative clinical sings were 70% loss of appetite, 76% depression, 72% ruffled feathers, 58% labored breathing, 48% diarrhoea and 52% pasty vent (Fig.1) .The morbidity (clinical signs) was 100% in experimental infection group. The mortality was 8% after experimental infection from 3 day to 7 days. Recovery from clinical signs began after 2 wk PI. No clinical signs and mortality were seen in the control group.
Gross pathology:
The haemorrhagic and congested liver and lung were observed at 12hr of PI and increased severely. The gross lesions reduced gradually at 3 wks of PI. The gross findings were 54% haemorrhagic and congested liver, 38% necrotic foci in the liver, 32% pericarditis and necrotic foci/ nodules in heart, 52% congested, edematous and brown colour lungs, 46% semi-solid, cheesy material in ceca, 84% unabsorbed and coagulated yolk, 42% spleen swollen and congested and 40% kidney enlarged (Table 1 and Fig. 2 ). The most frequent lesion was (84%) unabsorbed and coagulated yolk and the less frequent lesion was (32%) pericarditis and necrotic foci/ nodules in heart. Histopathological lesions: Hepatitis with infiltration of inflammatory cells in 20% liver, and pneumonia and bronchopneumonia in 20% lung were found after 12 hr PI. Most of the histopathological lesions were found after 1 wk PI. The most histological lesion was focal necrosis with infiltration of inflammatory cells in 80% spleen and the less frequent histological lesion was nodule formation in 16% liver (Table 3 and Fig. 4 ). The 58% liver showed congestion, focal necrosis with multifocal infiltration of histiocytes in liver parenchyma. Lung showed haemorrhage and infiltration of neutrophils and lymphocytes in experimental PD in chicks. Bronchopneumonia with infiltration of heterophils and mononuclear cells in the lung of chicks was found (60%). Infiltration of heterophils was found in 26% heart. Nodule was formed with infiltration of heterophils, macrophage and lymphocytes in the heart of chicks. The spleen exhibited severe congestion, mild hyperplasia of RE cells and fibrinoid necrosis. The intestinal and cecal mucosa exhibited infiltration of mononuclear cells in the submucosa. No lesion was found in control group.
Reisolation of S.
Pullorum from different organs: Reisolation of Salmonella Pullorum from different organs was variable at different time schedule. At 6hr PI all crop were positive for Salmonella Pullorum. Salmonella Pullorum was isolated from crop, liver, heart, lungs, cecum, bile and yolk or spleen after 12 hr PI. All organs were positive for S. Pullorum after 1 wk PI to 4 wk PI (Table 2 and Fig. 3 ). The highest number of S. Pullorum was found (16.14x 10 8 CFU) in liver at 72hr PI. Control group was free of S. Pullorum in culture during the study period. Colony characteristic of reisolated Salmonella Pullorum were pink opaque coloured colonies surrounded by brilliant red zones in BGA. 
Reisolation of S. Pullorum from blood:
The mean CFU/ml of Salmonella Pullorum was reisolated from blood. The highest number of S. Pullorum was reisolated (16.56x 10 8 CFU) at 72hr PI and the lowest number of Salmonella Pullorum was reisolated (49.8x 10 5 CFU) at 4 wk PI. No Salmonella Pullorum was found in the control group.
Detection of antibody titer by ELISA: Antibody titer (Mean±SD) against Salmonella Pullorum was determined in sera collected in different time interval. The antibody titres of infection group were increased gradually and the antibody titres were decreased gradually in basal level in control group (Table 4 and Fig. 5 ). Rapid plate agglutination (RPA): 100 % chicks were found positive in infected group after 72 hrs PI. Control group was found negative.
Detection of S. Pullorum by PCR: S.
Pullorum was detected by PCR after PI at different time interval. No S. Pullorum was detected by PCR before and after 6 hr PI. At first S. Pullorum was found after 12 hr PI. At 24 hr PI 60% liver and 40% lungs were positive for S. Pullorum by PCR. Five liver (100%) and five lung (100%) samples were positive from 48hr PI to 2 wk PI (Fig. 6) . Detection of S. Pullorum by PCR decreased after 2 wk PI. Four liver (80%) and two lung (40%) samples were positive at 3 wk PI, and four livers (80%) and one lung (20%) samples were positive at 4 wk PI by PCR. No S. Pullorum was detected in control birds during the study period.
Chickens are the natural host of Salmonella enterica subspecies enterica serovar Pullorum. Clinical signs appeared in chicks after 12 hour of PI and these were loss of appetite, depression, drowsiness, ruffled feather, diarrhoea, labored breathing, loss of body weight, and pasty vent. The clinical findings in this study were similar to the natural/experimental findings of other authors (Shivaprasad, 1997; Wary and Davies 2001) . Mortality observed in this study was 8% which was lower than the findings of others (Chauan and Roy, 1996 and Shivaprasad, 1997) . Endotoxins are produced by S. Pullorum causing fever. In this investigation, the gross findings described above with the findings corresponded with slight variation to the findings of other the authors (Wary and Davies, 2001) .
In this investigation, hepatitis, tyhpilitis, bronchitis and pneumonia were corresponded the finding of Roy et al. (2001) . In the present study, the histopathological lesions were supported for Salmonella infection by different investigators (Chauan and Roy, 1996; Shivaprasad, 1997; Wary and Davies, 2001) . In the present study, after experimental infection S. Pullorum was reisolated from different organs at 12 hr PI. The results of the oral route of inoculation demonstrated that S. Pullorum caused bacteremia and colonized in the liver, lungs, heart, kidney, intestine, spleen, and ceca of chicks to various degrees (Wigley, et al., 2005) . But the highest number of organisms reisolated from 72hr to 1 wk PI. From 2 wk PI reisolation of S. Pullorum organisms reduced gradually. The findings of the reisolation and identification of Salmonella Pullorum organisms from different organs were similar with other investigators (Roy et al., 2001; Okamura et al., 2000; Hoop and Pospishil, 1993) .The highest percentage of reisolation of S. Pullorum from different organs at 7 days PI corresponded with the reisolation of Roy et al. (2001) . Wigley et al. (2001) also recovered S. Pullorum after experimental inoculation at 7 days PI from all tissues samples which also supported the findings of the present study. The reisolation of Salmonella Pullorum in blood culture was highest at 72 hr PI (16.56 X 10 8 CFU) which was similar to Okamura et al. (2000) .
In this investigation, experimental infection by S. Pullorum, the immune response increased gradually from 1wk PI and the highest titre was found at 4 wks PI which was also similar to the findings of Barrow et al. (1992) but disagreed with the findings of Hoop and Pospishil (1993) . However, other investigators used other Salmonella organisms to determine the immune response by ELISA and RPA test. Their findings varied with our findings that might be due to the strain variation, management, age etc. Skov et al. (2002) found highest ELISA titre at 3 wks PI with the infection of S. Typhimurium in Chickens.
In the present study, serum samples showed RPA from 72 hrs PI but all sera were found RPA positive from 2 wk PI. Yamane et al. (2000) found all sera were positive at 17 wks PI with the infection of S. Enteritidis in layer chickens. The serum rapid plate agglutination was also done in natural infection by Islam et al. (2006) and the findings were almost similar to the present findings.
All Salmonella strains screened by PCR resulted in visualization of the predicted 457-bp amplified product in ethidium bromide-stained gels (Stone et al., 1994) and in the present study invA gene also visualized and produced 284-bp amplicon. In this investigation, Salmonella Pullorum was detected from tissue (liver and lungs) samples by PCR with the amplification of invA gene at 12 hr PI. Olivera et al. (2003) and Desai et al. (2005) also detected 284-bp amplicon from tissue samples in experimental infected chickens.
Conclusion
Salmonella Pullorum causing pullorum disease is a major problem in poultry farms in Bangladesh. It causes great losses in chicks. In this study, 8% mortality was found in chicks from 3 to 7 days of PI. Clinical signs were observed from 24 hrs PI and in all birds. The gross and histopathological lesions were observed from 72 hrs and 2wk PI, respectively to 3 wks PI and the highest lesions were found from 1wk to 2 wks PI and 2-3 wks PI, respectively. Gross and histopathological lesions were variable in different birds at different time intervals. The highest number of S. Pullorum was 16.14x10 8 CFU/gm of liver tissues reisolated at 72 hrs PI. Blood was positive for S. Pullorum at 12 hrs PI. ELISA titre gradually increased from 1 wk PI and at the same time infection decreased. S. Pullorum was detected by PCR from 12 hrs PI in liver and lung. At 2 wks PI, the chicks recovered from clinical signs gradually from experimental infection with S. Pullorum. In short, the pathogenesis of experimental pullorum disease in chicks was, after inoculation of Salmonella Pullorum by oral administration, the organism localized in digestive tract, from where entered to blood and localized in different tissues at different time intervals producing lesions and immunological response. However, for useful application of the present research findings further studies should be focused on the serotyping and molecular characterization and identification of immunogenic variation and development of vaccine with isolated Salmonella.
